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BEACON LIGHT WITH 
LIGHT-TRANSMITTING ELEMENT AND 

LIGHT-EMITTING DIODES 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of US. patent 
application Ser. No. 11/300,770, ?led on Dec. 15, 2005, 
Which is hereby incorporated by reference in its entirety, and 
Which is a continuation-in-part of US. patent application Ser. 
No. 11/069,989, ?led on Mar. 3, 2005, now US. Pat. No. 
7,160,004 Which is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a light source, 
and more particularly to a light-emitting diode (LED)-based 
beacon light. 

2. Description of the Related Art 

A beacon light such as, for example, an aircraft obstruction 
light, can be used to mark an obstacle that may provide a 
haZard to aircraft navigation. Beacon lights are typically used 
on buildings, toWers, and other structures taller than about 
150 feet. Previous beacon lights generally exhibit relatively 
poor energy e?iciency, Which can prohibit the use of solar 
panels to poWer the beacon light. Previous beacon lights may 
also contribute to light pollution, i.e., direct light at angles 
undesirably above and beloW a speci?ed plane. Previous bea 
con lights may also be too large and heavy for climbers to 
carry and therefore may require additional machinery or man 
poWer to be hoisted into position. 

SUMMARY OF THE INVENTION 

Various de?ciencies of the prior art are addressed by the 
present invention, one embodiment of Which is a beacon light 
having a light-emitting diode (LED) optic. One embodiment 
of the light-emitting diode (LED) optic comprises a light 
transmitting element having a plurality of segments, each 
segment associated With an optical axis and comprising a 
linearly projected cross-section. For each segment of the 
light-transmitting element, the LED optic comprises a plural 
ity of LEDs positioned such that a central light-emitting axis 
of each LED is angled at about 00 relative to the optical axis 
associated With that segment. In one embodiment, the about 
00 has a tolerance of 110°. Each segment of the light-trans 
mitting element comprises a light-entering surface, a light 
exiting surface and a light-re?ecting surface. 

One embodiment of a method comprises arranging a plu 
rality of segments of a light-transmitting element relative to 
each other, each segment associated With an optical axis and 
comprising a linearly projected cross-section. For each seg 
ment of the light-transmitting element, the method comprises 
positioning a plurality of LEDs such that a central light 
emitting axis of each LED is angled at about 0° relative to the 
optical axis associated With that segment. In one embodi 
ment, the about 0° has a tolerance of 110°. The method also 
comprises transmitting light from the plurality of LEDs. The 
method further comprises providing a light-entering surface, 
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2 
a light-exiting surface and a light-re?ecting surface of each 
segment of the light-transmitting element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the above recited features of 
the present invention can be understood in detail, a more 
particular description of the invention, brie?y summariZed 
above, may be had by reference to embodiments, some of 
Which are illustrated in the appended draWings. It is to be 
noted, hoWever, that the appended draWings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 

FIG. 1 depicts a perspective vieW of an embodiment of the 
beacon light according to the present invention; 

FIG. 2 depicts a perspective vieW of an embodiment of the 
LED re?ector optic of the beacon light depicted in FIG. 1; 

FIG. 3 depicts a perspective vieW of an embodiment of the 
angular relationship betWeen the optical axis associated With 
the re?ecting surface of the LED re?ector optic depicted in 
FIG. 2; the central light emitting axis of the LED of the LED 
re?ector optic, and the extrusion axis of the re?ecting surface; 

FIG. 4 depicts a partial perspective vieW of an embodiment 
of the beacon light depicted in FIG. 1; 

FIG. 5 is a graph depicting a representation of the intensity, 
versus angular displacement vertically from the optical axis, 
of light emitted from an embodiment of the beacon light 
depicted in FIG. 1; 

FIG. 6 depicts a sectional top vieW of an embodiment of the 
re?ector of the LED re?ector optic depicted in FIG. 2; 

FIG. 7 is a graph depicting a representation of the relative 
intensity, versus angular displacement, of light re?ected from 
three different adjacent re?ecting surfaces, and the sum 
thereof, of an embodiment of the LED re?ector optic depicted 
in FIG. 2; 

FIG. 8 depicts a partial sectional side vieW of an embodi 
ment of the LED re?ector optic depicted in FIG. 2; 

FIG. 9 is a graph depicting a representation of relative light 
intensity, versus angular displacement, for light typically 
emitted from the LED, and for light re?ected by the embodi 
ment of the LED re?ector optic depicted in FIG. 8; 

FIG. 10 depicts an embodiment of an alternative arrange 
ment of the LED and re?ecting surface; 

FIG. 11 is a graph depicting a representation of relative 
light intensity, versus angular displacement, for light typi 
cally emitted from the LED, and for light emitted from the 
embodiment of the alternative arrangement of the LED and 
re?ecting surface depicted in FIG. 10; 

FIG. 12 depicts a partial side vieW of an embodiment of the 
LED re?ector optic depicted in FIG. 2, shoWing mathemati 
cally simulated ray traces; 

FIG. 13 depicts a partial front vieW of the embodiment of 
the LED re?ector optic depicted in FIG. 12, shoWing the same 
ray traces shoWn in FIG. 12 from another vieW; 

FIG. 14 depicts a partial side vieW of an embodiment of an 
alternative re?ector having an alternative re?ecting surface, 
shoWing mathematically simulated ray traces; 

FIG. 15 depicts a partial front vieW of the embodiment of 
the alternative re?ector having the alternative re?ecting sur 
face depicted in FIG. 14, shoWing the same ray traces shoWn 
in FIG. 14 from another vieW; 

FIG. 16a depicts a perspective vieW of an embodiment of a 
segment, having the re?ecting surface, of an embodiment of 
the LED re?ector optic depicted in FIGS. 12 and 13; 

FIG. 16b depicts a partial perspective vieW of an embodi 
ment the LED re?ector optic having an embodiment of the 
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alternative re?ector comprising the alternative re?ecting sur 
face depicted in FIGS. 14 and 15; 

FIG. 17 depicts a perspective vieW of an embodiment of the 
LED re?ector optic having an embodiment of the alternative 
re?ector comprising the alternative re?ecting surface; 

FIG. 18 depicts a partial sectional vieW of an embodiment 
of the LED re?ector optic comprising at least one of: a glass, 
a plastic or a transparent material; 

FIGS. 19a-b depict perspective vieWs of an embodiment of 
the LED re?ector optic comprising an embodiment of a light 
transmitting element. 

FIGS. 20a-d depict cross-sectional vieWs of embodiments 
of the light-transmitting element. 

FIG. 21 depicts a perspective vieW of an embodiment of the 
LED re?ector optic comprising an embodiment of the light 
transmitting element Which is a segmented light-transmitting 
element. 

FIG. 22 depicts a partial sectional side vieW of an embodi 
ment of the LED re?ector optic having a faceted re?ecting 
surface; and 

FIG. 23 depicts a partial perspective vieW of an embodi 
ment of the beacon light having a plurality of the LED re?ec 
tor optics. 

To facilitate understanding, identical reference numerals 
have been used, Where possible, to designate identical ele 
ments that are common to the ?gures. 

DETAILED DESCRIPTION 

FIG. 1 depicts a perspective vieW of a beacon light 20 
according to one embodiment of the present invention. The 
beacon light 20 comprises an LED re?ector optic 24. In one 
embodiment, the beacon light 20 also comprises a shield 64, 
a pedestal 68, a base 72, an electrical connection 76 to the 
beacon light 20, and circuitry (not shoWn) to drive the beacon 
light 20. In one embodiment, the drive circuitry (not shoWn) 
is capable of strobing the LED re?ector optic 24. The pedestal 
68 supports the LED re?ector optic 24, and the base 72 
provides a means for attaching the beacon light 20 to a struc 
ture. 

FIG. 2 depicts a perspective vieW of an embodiment of the 
LED re?ector optic 24 according to the present invention. In 
one embodiment, the LED re?ector optic 24 comprises a 
re?ector 28 having a plurality of re?ecting surfaces 32, i.e., a 
segmented re?ector 28. 

Each re?ecting surface 32 comprises a cross-section 40 (as 
depicted in FIG. 8) Which is projected along an associated 
linear extrusion axis 44. In one embodiment, the linearly 
projected cross-section 40 comprises a conic section. A conic 
section provides an advantageous re?ected light intensity 
distribution. In one embodiment, the cross-section 40 of the 
re?ecting surface 32 comprises at least one of: a conic or a 
substantially conic shape. In one embodiment, the conic 
shape comprises at least one of: a hyperbola, a parabola, an 
ellipse, a circle, or a modi?ed conic shape. 

Each re?ecting surface 32 has an associated optical axis 36. 
In one embodiment, each re?ecting surface 32 re?ects a beam 
of light having an angular distribution horiZontally symmet 
ric to the associated optical axis 36, i.e. symmetric about the 
associated optical axis 36 in directions along the extrusion 
axis 44. 

For each re?ecting surface 32, the LED re?ector optic 24 
comprises at least one associated LED 52. The LED 52 has a 
central light-emitting axis 56, and typically emits light in a 
hemisphere centered and concentrated about the central light 
emitting axis 56. The LED 52 is positioned relative to the 
associated re?ecting surface 32 such that the central light 
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4 
emitting axis 56 of the LED 52 is angled at a predetermined 
angle 0A relative to the optical axis 36 associated With the 
re?ecting surface 32. In a preferred embodiment, SA has a 
value of about 90°. In one embodiment, the about 90° has a 
tolerance of 130°, i.e., from 60° to 120°. 

In one embodiment, for a speci?c re?ecting surface 32 and 
associated LED 52, the central light-emitting axis 56 of the 
LED 52, the optical axis 36 associated With the re?ecting 
surface 32, and the extrusion axis 44 of the re?ecting surface 
32 form orthogonal axes of a 3-axes linear coordinate system. 
Namely, the central light-emitting axis 56, the optical axis 36, 
and the extrusion axis 44 are mutually perpendicular. FIG. 3 
depicts a representation of the mutually perpendicular rela 
tionship betWeen the central light-emitting axis 56, the optical 
axis 36, and the extrusion axis 44. In FIG. 2, 0B is the angle 
betWeen the optical axis 36 and the extrusion axis 44, and 0C 
is the angle betWeen the central light emitting axis 56 and the 
extrusion axis 44. In one embodiment, the mutually perpen 
dicular relationship betWeen the central light-emitting axis 
56, the optical axis 36, and the extrusion axis 44 is approxi 
mate. For example, each of the central light-emitting axis 56, 
the optical axis 36, and the extrusion axis 44 can be angled at 
90° from each of the other tWo axes, With a tolerance, in one 
embodiment, of 130°. 

In one embodiment, for each re?ecting surface 32, the LED 
re?ector optic 24 comprises a plurality of associated LEDs 
52. In one embodiment, the plurality of associated LEDs 52 
are arranged along a line, as depicted in FIG. 2, parallel to the 
extrusion axis 44 of the re?ecting surface 32. In one embodi 
ment, the plurality of associated LEDs 52 are staggered about 
a line. For example, in one embodiment, the plurality of 
associated LEDs 52 are staggered about a line, With the stag 
gering comprising offsetting the LEDs 52 from the line by a 
predetermined distance in alternating directions perpendicu 
lar to the line. Also, in one embodiment, the LED 52, or the 
plurality of LEDs 52, are positioned at the focal distance of 
the re?ecting surface 32. 

FIG. 4 depicts a partial perspective vieW of an embodiment 
of the beacon light 20 in Which the beacon light 20 emits light 
outWard over a 360° angular distribution about a central axis 
88 of the re?ector 28 of the LED re?ector optic 24. Such a 
360° angular distribution of re?ected light may be a require 
ment for the beacon light 20 to provide obstruction Warning in 
all directions. 
The light emitted from the beacon light 20 has a predeter 

mined beam spread GD, as depicted in FIG. 4. The beam 
spread 0D is the angle, vertically perpendicular to the optical 
axes 36 of the re?ecting surfaces 32, over Which the intensity 
of the emitted light is greater than 50% of the peak intensity 
of the emitted light. In a preferred embodiment, the beacon 
light 20 has a beam spread SD of less than 3°. In another 
embodiment, the beacon light 20 has a beam spread SD of less 
than 10°. 

FIG. 5 is a graph depicting a representation of the light 
intensity, versus angular displacement vertically perpendicu 
lar to the optical axes 36, emitted from an embodiment of the 
beacon light 20. FIG. 5 shoWs the beam spread 0D for this 
embodiment is approximately 3°, i.e., about 15° on either 
side of a plane containing the optical axes 36. 
The plurality of re?ecting surfaces 32 of the re?ector 28 are 

arranged so that each of the associated extrusion axes 44 is 
angled relative to the extrusion axis 44 of another re?ecting 
surface 32. In one embodiment, the plurality of extrusion axes 
44 occupy a single plane and intersect each other to outline a 
polygon. Namely, a top vieW cross-section of the re?ector 
comprises a perimeter Which is a polygon. FIG. 6 depicts a 
sectional top vieW of an embodiment of the re?ector 28, 
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showing the plurality of associated extrusion axes 44 inter 
secting each other to form a hexagon. Such an embodiment 
achieves the 360° angular distribution, relative to the central 
axis 88 of the re?ector 28, of light emitted from the LED 
re?ector optic 24. Each re?ecting surface 32 re?ects light in 
the direction of the optical axis 3 6 associated With that re?ect 
ing surface 32, and through an angular distribution horiZon 
tally symmetric to and centered to the optical axis 36. 

Although FIG. 6 depicts a polygon embodiment of the 
re?ector 28 having six re?ecting surfaces 32, in another poly 
gon embodiment the re?ector 28 has at least three re?ecting 
surfaces 32. 

In one embodiment, each horiZontal angular distribution of 
re?ected light associated With a speci?c re?ecting surface 32 
overlaps the horizontal angular distribution of re?ected light 
associated With an adjacent re?ecting surface 32. FIG. 7 is a 
graph depicting a representation of the relative intensity, ver 
sus horizontal angular displacement, of light re?ected from 
three different adjacent re?ecting surfaces 32, and the sum 
thereof. The thick solid line of FIG. 7 represents the overall 
intensity of light emitted from the LED re?ector optic 24, 
including light re?ected from all of the three adjacent re?ect 
ing surfaces 32. The thin solid line represents the intensity of 
light re?ected from the re?ecting surface 32 associated With 
the optical axis 36 about Which the angular displacement of 
FIG. 7 is centered, i.e. the re?ecting surface 32 having the 
optical axis at 0° as shoWn in FIG. 7. The dotted and dashed 
lines of FIG. 7 represent the intensity of light re?ected from 
the tWo re?ecting surfaces 32 adjacent and connected to the 
?rst re?ecting surface 32. FIG. 7 shoWs that the light re?ected 
from each re?ecting surfaces 32 overlaps the light re?ected 
from adjacent re?ecting surfaces 32 to form an overall re?ec 
tion of light from the re?ector 28 Which has a more uniform 
intensity pro?le, versus angular displacement, than the indi 
vidual intensity pro?les of light re?ected from the individual 
re?ecting surfaces 32. 

In one embodiment, the intersection of the plurality of 
extrusion axes 44 does not necessarily outline a polygon. In 
one embodiment, light emitted from the LED re?ector optic 
24 does not have a 360° angular distribution relative to the 
central axis 88 of the re?ector 28. Such an embodiment may 
instead achieve, for example, a 180° angular distribution. 

In one embodiment, the plurality of re?ecting surfaces 32 
of the segmented re?ector 28 are connected together. 

The utiliZation of light emitted by the LED 52 by one 
embodiment of the LED re?ector optic 24 provides an advan 
tage of the present invention. To further understand this 
advantage, the utiliZation of light by one embodiment of the 
LED re?ector optic 24 can be compared to the utiliZation of 
light in an alternative relative positioning of the LED 52 and 
the re?ecting surface 32. 

FIG. 8 depicts a partial sectional side vieW of an embodi 
ment of the LED re?ector optic 24. In the embodiment shoWn 
in FIG. 8, the re?ecting surface 32 has a conic cross-section, 
and the central light-emitting axis 56 of the LED 52 is in the 
same plane as the shoWn cross-section. FIG. 8 also shoWs the 
angle 0E over Which light, emitted from the LED 52, is 
re?ected by the re?ecting surface 32. 

FIG. 9 is a graph depicting a representation of the relative 
intensity of light, versus angular displacement in the plane of 
FIG. 8, for light typically emitted by the LED 52, and for light 
re?ected by the re?ecting surface 32 of the LED re?ector 
optic 24 shoWn in FIG. 8. The solid line of FIG. 9 represents 
the light intensity distribution typically emitted by the LED 
52, i.e., Without the re?ecting surface 32 present, versus angu 
lar displacement relative to the central light emitting axis 56. 
The light intensity distribution emitted by the LED 52 is 
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6 
typically lambertian. HoWever, other light intensity distribu 
tions may also bene?t from the present invention. The light 
intensity distribution emitted by the LED 52 includes light 
over about 180°, i.e., about 90° on either side of the central 
light-emitting axis 56. The dotted line of FIG. 9 represents the 
portion of the light intensity distribution emitted by the LED 
52 Which is re?ected by the re?ecting surface 32 positioned 
relative to the LED 52 as shoWn in FIG. 8. The dotted line 
shoWs that light over the angle 0E, i.e., about 135°, of the 
angular distribution of the LED emission is re?ected by the 
re?ecting surface 32. The angle 0E includes about 90° on one 
side of the central light-emitting axis 56 and about 45° on the 
other side of the central light-emitting axis 56. The portion of 
the LED emission Which is re?ected by the re?ecting surface 
32, i.e. the portion of the LED emission Within angle GE, is 
utiliZed light. The portion of the LED emission Which is not 
re?ected by the re?ecting surface 32, i.e. the portion of the 
LED emission outside the angle GE, is unutiliZed light. 

FIG. 10 depicts an embodiment of an alternative relative 
positioning of the LED 52 and the re?ecting surface 32. In this 
alternative arrangement, the central light-emitting axis 56 of 
the LED 52 is arranged to be parallel to the optical axis 36 of 
the re?ecting surface 32. 

FIG. 11 is a graph depicting a representation of the relative 
intensity of light, versus angular displacement in the plane of 
FIG. 10, for the typical light emission by the LED 52, and for 
light emitted by the alternative arrangement of the LED 52 
and the re?ecting surface 32 depicted in FIG. 10. The solid 
line of FIG. 11 represents the typical light intensity distribu 
tion emitted by the LED 52 Without the presence of the 
re?ecting surface 32. The dotted line of FIG. 11 represents the 
portion of the typical LED light intensity distribution Which is 
utiliZed by the arrangement depicted in FIG. 10. The portion 
of light utiliZed comprises a ?rst portion over an angle 06, 
centered about the central light-emitting axis 56 and not 
re?ected by the re?ecting surface 32, and a second portion 
over an angle SF on either side of the central light-emitting 
axis 56, i.e., from 90° to 90°-0F, and from —90° to —90°+0F, 
Wherein SP is about 45°. The ?rst portion is utiliZed because 
if falls Within the desired beam spread SD of the beacon light 
20, and in one embodiment angle 06 equals the beam spread 
0D. The second portion is utiliZed because it is re?ected by the 
re?ecting surface 32 to also fall Within the desired beam 
spread SD of the beacon light 20. An unutiliZed portion of the 
typical light intensity distribution Which is over angles, rela 
tive to the central light emitting axis 56, from 0.5 06 to 
90°-0F, and from —0.5 06 to —90°+0F, is not utiliZed because 
it is not re?ected by the re?ecting surface 32. The unutiliZed 
portion of the typical light intensity distribution emitted by 
the LED 52 from —0.5 06 to —90°+0F is undesirable and may 
be considered to be light pollution because it typically points 
doWnWard toWards the ground from, for example, a relatively 
high position. 

Thus, FIG. 11 shoWs that the alternative relative position 
ing of the LED 52 and the re?ecting surface 32 depicted in 
FIG. 10 does not utiliZe the majority of the high intensity 
central portion of the light intensity distribution typically 
emitted by the LED 52. By comparison, the embodiment of 
the LED re?ector optic 24 of the present invention as depicted 
in FIG. 8 utiliZes the majority of the high intensity central 
portion of the light intensity distribution typically emitted by 
the LED 52. A numerical comparison of the light utiliZations 
depicted by FIGS. 9 and 11 shoWs that the area under the 
dotted line in FIG. 9 is about 45% greater than the area under 
the dotted line in FIG. 11. Thus, the embodiment of the LED 
re?ector optic 24 depicted in FIG. 8 provides approximately 














